I. INTRODUCTION
Gac is a fruit which has been verified to be rich in essential nutrients, containing many components of carotenoid and lycopene (belong to vitamin A), unsaturated fats, carbohydrates, amino acids, vitamin E, vitamin Q and other microelements. The β-carotene and lycopene in Gac oil are twice more than those in liver mackerel and about 10 times more than those in carrots [1] - [3] . Gac is a valuable fruit in the world because it only distributes in Southeast Asia and Southern China. Many studies confirmed the valuable nutriment of Gac [1] - [5] , such as the ability to supply β-carotene and lycopene (vitamin A), vitamin E, vitamin Q, unsaturated fatty acids, and mineral for human.
Currently, Gac has not been popularly used like other fruits, and important nutritional sources of Gac have been untapped effectively. By virtue of a great wealth of vitamin A and unsaturated fatty acids, Gac oil is considered as luxury vegetable oil which owns high economic value. Gac oil has been utilized as a special component in advanced food products and pharmaceutical products. Also in the pharmaceutical industry, Gac oil has been an ingredient for the treatment of obesity, heart disease, and hepatitis C. Moreover, in the food industry, Gac oil has been produced as a remarkable vegetable oil consisting of unsaturated fatty acids supporting the anti-cholesterol accumulation [6] , [7] The chemical composition of Gac could show in TABLE 1. In Table 1 was obvious that the β-carotene, lycopene, lipid, and water content in Gac were very high. In Vietnam, the annual production of Gac is not popular, but it is only consumed in the form of raw materials. It is also noticeable that the Gac oil extraction has not received sufficient consideration [3] - [7] . The question is to find methods for processing and preservation of Gac to create valuable products.
According to [6] - [7] , the methods of separating oil from Gac were contemporarily classified as two main processes, which were the press extraction and the solvent extraction. For the press method, the extracted oil was shown to be approximately 43.5% to 48.3%, but with relatively high impurities and water content the refined oil would be brought about the loss of β-carotene and lycopene in Gac, reducing the quality of the Gac oil [7] . For the solvent method, in order to facilitate the process, the water content should be decreased in advance by the conventional drying method. Due to the high drying temperature (above 100 0 C), it would cause the loss of β-carotene, lycopene, and unsaturated fats of Gac oil, which has not been substantiated yet [5] - [7] . On the other hand, the solvent extraction of Gac oil primarily investigated the influence of technological factors (solvent volume, time and temperature) on the extraction efficiency whereas the loss of β-carotene and lycopene, important components characterizing the quality of Gac oil, was not examined [4] - [7] .
The technological process shown in Fig. 1 was recommended to explore the problems mentioned. The separated water in Gac was carried out by cold drying method (where low drying temperature limited the loss of β-carotene, lycopene, and unsaturated fats), and the optimal technological mode of the extraction was established with these parameters, including solvent volume, time and temperature affecting simultaneously the extraction efficiency and the loss of β-carotene and lycopene [5] , [8] . The subjects of extraction process was described as in It was certain that the extraction was a complicated process. Setting up the optimal technological mode of Gac oil extraction required to determine the following parameters: solvent volume (Z 1 , ml/g), time (Z 2 , h) and temperature (Z 3 , 0 C), so that the extraction efficiency (y 1 , %) should reach the maximum value, and the loss of β-carotene (y 2 , %) and lycopene (y 3 , %) should reach the minimum value. The problem was defined as the multi-objective optimization, but particularly every objective function had its own different target, i.e. one reached the maximum value and the other reached the minimum value, encountering difficulties in solving this multi-objective optimization [8] - [10] .
According to [8] - [10] , there were a number of solutions to the multi-objective optimization problem, namely the linear combination [11] , [12] , the fuzzy data classification [11] , [13] , Harrington method [8] - [13] , the restricted area method and the utopian point method [8] , [9] , [14] . In this article, the three-objective optimization problem was solved by the utopian point method with S(Z) optimal combination criteria in order to determine the optimal technological mode of Gac oil extraction.
II. THE FUNDAMENTALS OF MULTI-OBJECTIVE OPTIMIZATION
A. Basic Concepts [8] , [9] , [14] The technological subjects including m objective functions f 1 (Fig.  3) , [8] , [9] , [14] .
Every objective function f j (Z) with Z variable vector Z = {Z i } = (Z 1 , Z 2 , ..., Z n ), where i = 1 to n, is considered as the one-objective optimization problem. Hence, the m-objective optimization problem can be simply transformed into the problem to find the minimum value for the set of m one-objective optimization problems, [8] , [9] : The optimal Pareto plan [8] , [9] : The ZP plan is called the optimal Pareto plan in condition that ZP cannot be dominated by any other plans dependable on the identified domain Ω Z . Then, f(ZP) would be called an optimal Pareto effect in the set of the optimal Pareto effects ΩfP. Fig 3 performs the set of the optimal Pareto effects Ω f P as the curve
A -f(Z) -f(ZS) -B.
where j = 1 to m; i = 1 to n (
Theorem 1 (Theorem Pareto): If the multi-objective optimization problem has the test which is the so-called optimal one according to some definition, this test received has to be the optimal Pareto plan without the dependence on the chosen definition, [8] - [15] .
Therefore, one test of the multi-objective optimization problem (1) + (2) + (3) found by any method, to be recognized as the optimal by the method chosen, must in advance be certified as the optimal Pareto plan B. Multi-Objective Optimization By the Utopian Point Method [8] , [9] Considering the m-objective optimization problem (1) 
Theorem 2: If ZS of the optimization problem (5) does exist, ZS is the optimal Pareto test of the m-objective optimization problem (1) + (2) + (3), [8] , [9] .
Symbol: f(ZS) = fPS = (f 1 PS, f 2 PS, ..., f m PS).
With the utopian point method (i.e. the m-objective optimization problem convert into the S optimal combination criterion), the optimal Pareto test ZS will be found to have the optimal Pareto effect f(ZS) = fPS closest to the utopian point f UT = (f 1min , f 2min , ..., f mmin ). The case m = 2 (two objectives) is illustrated in Fig. 3 .
III. MATH MATERIALS AND METHODS
A. Materials -The materials used for the extraction experiments were mature Gac, mainly grown in Tay Nguyen area and Southeastern area of Vietnam [1] , [2] .
-Before the extraction, the Gac were cold-dried until they reached the residual water content of 7.45%, [1] , [2] .
-Etanol was used as solvent for the extraction of Gac oil, which was considered more appropriate than hecxan, acetone and diethyl ether [6] , [7] .
B. Apparatus -Satoriusbasic Type BA310S was used to determine the weight of samples with the range of 0 to 300g and the error of 0.1g.
-Cylinders were used to examine the volume of etanol with the range of 0 to 500ml and the error of 0.1g.
-Dual digital thermometer (T.P.34-23) was used to determine the temperature of solvent and samples during the extraction with the range of 0 to 100 0 C and the error of 0.5 o C. A timer was used to examine the extraction time.
-The cold drying system DSL-P-V-01 controlled by PLC was used to dry Gac (Fig 4a) [16] , [17] . Fig. 4a . The system cold drying DSL-P-V-01.
-The vacuum condense machine controlled by computer was used to recover etanol (Fig 4b) . 
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-carotene and lycopene of Gac oil. These equipments could be seen in Fig 4c and Fig 4d.   Fig. 4d . The system of HPLC.
C. Methods
Determining the extraction efficiency (y 1 , %): the extraction efficiency of Gac oil was defined as the ratio of the weight of the extracted oil and the weight of the total oil in the initial Gac [3] - [18] . where: y 1 -the extraction efficiency of etanol, %; m oil -the weight of the total oil in the 10g initial the cold-dried Gac, g; m oil2 -the weight of the extracted oil from the 10g the cold-dried Gac, g.
The maximum extraction efficiency (y 1max ) is 100%. However, experimental extraction efficiency was always lower than 100% (y 1 < 100%).
Determining the loss of β-carotene of the product (y 2 , %): HPLC method in TCVN [1] , [3] , [18] . 
where: y 2 -the loss of β-carotene after extraction, %; m 1 -the content of β-carotene in the initial the cold-dried Gac, mg%; m 2 -the content of β-carotene in the cold-dried Gac after extraction, mg% (Fig 4e) . Determining the loss of lycopene of the product (y 2 , %): HPLC method in TCVN [1] , [3] , [18] . 
where: y 3 -the loss of lycopene after extraction, %; m a -the content of lycopene in the initial the cold-dried Gac, mg%; m b -the content of lycopene in the cold-dried Gac after extraction, mg% (Fig 4f) . The fact that the product achieves the best quality means y 2min = 0 and y 3min = 0. In fact, y 2 > 0 and y 3 > 0.
Orthogonal experimental planning method with degree 2 [1, 8] .
Establishing and solving 3-objective optimization problem by the utopian point method [8] - [14] .
IV. RESULTS AND DISCUSSION

A. Establishing the Constituent Objective Functions of the Multi-Objective Problem
The constituent objective functions of Gac oil extraction (y 1 , y 2 and y 3 ) depended on the parameters, including: solvent volume (Z 1 , ml/g), time (Z 2 , h) and temperature (Z 3 , 0 C). The experimental results showed that the extraction efficiency (y 1 , %), the loss of β-carotene (y 2 , %) and lycopene (y 3 , %) related to Z 1 , Z 2 , Z 3 with orthogonal degree 2. Therefore, the objective functions y 1 , y 2 and y 3 were described by the experimental planning method with the degree-2 orthogonal experimental matrix. The experimental number is determined as [8] - [13] : These variables x 1 , x 2 , x 3 were coded variables of Z 1 , Z 2 , Z 3 by the following expression [8] - [13] :
where:
The value of the star point [8] :
And conditions of the orthogonal matrix [8, 9, 13] :
The mathematical model of objective functions is defined by the following expression [8] - [13] :
The experimental conditions established the parameter levels affecting the process of extraction oil Gac shown in The experiments were carried out with all of the parameter levels in Table 2 to determine the value of the objective functions y 1 , y 2 and y 3 . The results were summarized in Table   3 . 
1) Establishing the mathematical model of multi-objective functions
The technological parameters (x 1 , x 2 and x 3 ) of the extraction had the simultaneous impact on these objective functions (y 1 
This was the multi-objective optimization problem in which the equations of the whole system (17) did not reach the same destination, i.e. one objective function towards the maximum value and the other objective functions towards the minimum value. Therefore, it was necessary that the multi-objective optimization problem (17) be modified in order that all of the objective functions should attain the minimum value as the followings:
With 0 ≤ y 1 ≤ 100%, consequently 0 ≤ I 1 (x) ≤ 100%; if y 1 (x) = y 1max (x), I 1 (x) = I 1min (x). Because all targets of the objective International Journal of Chemical Engineering and Applications, Vol. 3, No. 1, February 2012 functions (18), (19) and (20) were to find the minimum value, the multi-objective optimization problem was restated as: 
B. Solving the one-Objective Optimization Problems
These one-objective optimization problems were found to achieve: I 1min = minI 1 ) where j, k = 1 to 3, and j ≠ k.
C. Solving the Multi-Objective Optimization Problem by the Utopian Point Method
The purpose of the experiment was to reach the targets of the extraction of Gac oil which were expressed by 3 regression equations (18) By the utopian point method, solving the multi-objective optimization problem with S-Optimal combination criterion which satisfied the minimum S-Optimal combination criterion (S min = 2.726) were determined the optimal Pareto test (or the technological mode of Gac oil extraction) as: the solvent volume of the extraction was Z 1 opt = 15.57 ml/g, the extraction time was Z 2 opt = 6.056h, and the extraction temperature was Z 3 opt = 69.62 0 C. Corresponding with the optimal Pareto test will be the optimal Pareto effect as: the extraction efficiency of Gac oil was y 1 PS = 80.02%; the loss of β-carotene of the Gac oil was y 2 PR = 5.31% and the loss of lycopene of the Gac oil was y 3 PR = 5.68%.
Compared with the experimental results from the table 3, these results above were suitable and satisfying with the objectives of the problem.
D. Experiment to Test the Results of Multi-Objective Optimization Problem
Carrying out the extraction of Gac oil at the optimal Pareto test: the solvent volume of the extraction of Z 1 opt = 15.57ml/g, the extraction time of Z 2 opt = 6.056 hours, and the extraction temperature of Z 3 opt = 69.62 0 C, the experimental results were determined as: the extraction efficiency of avocado oil of y 1 = 81.42%, the loss of β-carotene of the Gac oil of y 2 = 5.17% and the loss of lycopene of the Gac oil of y 3 = 5.34%.
Consequently, it was very noticeable that the results from the optimization problems of the extraction process had the approximation to the experimental results.
After oil Gac was separated by the extraction method at the optimal Pareto test: Z 1 opt = 15.57ml/g; Z 2 opt = 6.056 hours; Z 3 opt = 69.62 0 C. The finished product obtained could be seen in Fig 5 . It was certain that the optimal Pareto test and the optimal Pareto effect of the multi-objective optimization problem of Gac oil extraction be possibly applied to determine the technological mode of the extraction in the oil industry.
When the solvent volume of the extraction was fixed: x 1 = 0.393, correspondingly Z 1 = 15.57 ml/g, the relationship between y 1 , y 2 , y 3 , and S combination function with 2 variables x 2 , x 3 was performed geometrically in 3D (Fig. 5, 6 , 7, 8). (14), (15) , and (16) obtained from the experiments were the experimental statistical models which could well describe the impact of solvent volume, time and temperature on the extraction efficiency, the loss of β-carotene and the loss of lycopene of the Gac oil from the solvent extraction.
Solving multi-objective optimization problem by the utopian point method determined the optimal technological mode of Gac oil extraction, with the solvent volume of 15.57 ml/g; the extraction time of 6.056 hours; the extraction temperature of 69.620C, resulting in: the extraction efficiency of 80.02 %, the loss of β-carotene and lycopene of the Gac oil of respectively 5.31% and 5.68%.
Therefore, the technological mode of the extraction of Gac oil was feasible to be applied to industrial production.
